Introduction {#S0001}
============

Excess body weight has been consistently associated with increased risk of all-cause mortality and adverse health outcomes including cardiovascular disease, diabetes, chronic kidney disease, osteoarthritis, more than 10 types of cancer and impaired psychosocial function.[@CIT0001]--[@CIT0003] The accumulation of central fat, through visceral adiposity and metabolic dysregulation, also imparts an independent and strong detrimental effect on morbidity and mortality.[@CIT0004],[@CIT0005] Even within the normal BMI range, having abdominal obesity almost doubles the risk of all-cause mortality.[@CIT0006] Obesity in childhood often coexists with micronutrient deficiencies and increases the chances of remaining overweight or obese through adulthood.[@CIT0007]

The prevalence of underweight has decreased worldwide since 1980, whereas overweight and obesity have simultaneously increased.[@CIT0008],[@CIT0009] In 2015, it was estimated that excess body weight accounted for 4 million deaths and 120 million disability-adjusted life-years worldwide.[@CIT0001] Historically, the prevalence of excess body weight had been higher in economically developed compared to developing countries,[@CIT0010] but the rate of increase has started to level off in developed countries during the past decade. Meanwhile, developing countries have witnessed a steady increase in obesity rates,[@CIT0008] associated with a demographic and nutritional transition.[@CIT0011],[@CIT0012]

The distribution of overweight and obesity varies widely according to age group, region, race, urbanization and socioeconomic status (SES).[@CIT0008],[@CIT0012],[@CIT0013] Nonetheless, most of the studies exploring these associations come from high-income countries, and the demographics of obesity in such context cannot be extrapolated to low- and medium-income countries. Thus, regional and country-specific data are much needed. As an example, obesity has been found to be inversely associated with urbanization in developed countries, while in developing countries the opposite seems to happen.[@CIT0014] Few studies have evaluated the sociodemographic correlates of obesity in Latin America.[@CIT0015] In these analyses, a lower SES was associated with a higher proportion of obesity among children and adults.[@CIT0015],[@CIT0016] It has also been postulated that the effect of a lower SES status on obesity risk is more pronounced in women.[@CIT0016] Data from the US National Health and Nutrition Survey collected between 2011 and 2014 showed a remarkable negative correlation between household income and childhood obesity. The relationship was even stronger when the educational level of the head of household was used as indicator of socioeconomic status.[@CIT0017] Similarly, data from the ISCOLE (International Study of Childhood Obesity, Lifestyle and the Environment) study, showed that the association between household income and childhood obesity is dependent on the social context. For countries with a low- or middle-human development index (HDI), greater household income was positively associated with risk, while for high HDI countries the opposite occurred.[@CIT0018] Further, in multiethnic societies, much of the increased risk for obesity attributed to race or ethnicity disappears after adjustment for household/district income.[@CIT0019]

In Colombia, national examination surveys carried out in 2005, 2010 and 2015 have provided limited information on the distribution of obesity-related risk factors, and no data on the prevalence of central obesity. The rates of adult excess weight (overweight + obesity) in these surveys were: 46.0% (39.9% for men, 49.6% for women) in ENSIN 2005,[@CIT0020] 51.1% (45.6% for men, 55.1% for women) in ENSIN 2010[@CIT0021] and 56.5% (52.8% for men, 59.6% for women) in ENSIN 2015.[@CIT0022] The national survey have also demonstrated an enormous increase of about 1% per year in the prevalence of childhood excess weight between 2010 and 2015 (from 18.8 to 24.4%).[@CIT0022] Such steep increase parallels the trends observed in Mexico about a decade earlier, which suggests that Colombia is currently experiencing the middle phase of a demographic and nutrition transition.[@CIT0023] As the rapidly changing epidemiology of obesity and its distribution are largely unexplored in Colombia, there is an impending need for studies addressing this issue in our population. Colombia is a geographically, racially and culturally diverse country with marked differences among regions. The five most populated regions of the country are: i. The central plateau (administrative and economic center of the country), ii. The northern Caribbean region, with culture and costumes similar to those of Caribbean nations, iii. The Pacific coast, a very industrialized region but also with high indexes of poverty and where most of the Afro-Colombian population resides, iv. The northwestern or "paisa" region, where there are many local traditions and there is a larger degree of European and Jewish ancestry and v. The northeastern/Andean region, mostly cold, very mountainous and with a larger degree of indigenous ancestry. Given that the current demographics of Colombia reveal a mostly urban country (81% of the total population), we aimed to describe the prevalence of obesity, overweight and abdominal obesity and their associated factors in a probabilistic sample of individuals from the main urban center in each of the five regions described above: Bogotá (Central plateau), Barranquilla (Caribbean region), Cali (Pacific region), Medellín (Northwest or "paisa" region) and Bucaramanga (Northeast/Andean region), in the framework of the Colombian Study of Nutritional Profiles (Estudio Colombiano de Perfiles Nutricionales - COPEN).

Materials and Methods {#S0002}
=====================

COPEN was a population-based, cross-sectional, multi-stage sampling survey designed to represent 5 cities, one from each of Colombia´s major regions. The sampling frame was obtained from the last census of the Colombian population, cartography was obtained from the national geostatistical frame developed by the Colombian National Department of Statistics (Departamento Administrativo Nacional de Estadística - DANE) and data on socioeconomic level came from the National Superintendence of Public Services. In the first stage of sampling we selected cartographic sectors, within sectors we selected blocks (on average 8 per cartographic sector), within blocks we selected households, and within households we selected individual participants. In order to balance the sample by sex, in the evenly numbered side of each street we selected men from each selected household, while in the oddly numbered side of each street we selected women. Within each household, individuals were randomly selected employing a Kish grid, listing in each home males or females according to the household location. All individuals over the age of 2 were listed and a person was randomly selected. In the case of participants under the age of 13, information was provided by the adult responsible for the participant. The sample was stratified by city, sex, age group and socioeconomic level of the household.

All data were collected between June and November, 2018. Information was captured using a tablet device containing digital forms with proper validation rules, developed for the study. All staff in charge of data collection was extensively trained by the study Principal Investigator. A random 10% of participants were re-contacted by phone in order to double-check the accuracy of the information provided on date of birth, sex, city of residence, marital status, job status, educational level and date of initial contact. With this design and including the design effect, the study sample yielded an overall sampling error of 2.2%. The sampling errors for each city were respectively: Bogotá 4.0%, Medellín 5.0%, Cali 5.0%, Barranquilla 5.6% and Bucaramanga 6.8%.

Participants {#S0002-S2001}
------------

Participants were individuals between the ages of 2 and 75, residing in one of the five cities mentioned above. We excluded foreigners living in Colombia, individuals in hemodialysis or peritoneal dialysis therapy and persons with disabilities that precluded a reliable fulfillment of the study questionnaire. Sampling for the general COPEN study did not exclude pregnant or lactating women, but these individuals were excluded from analyses presented in this article.

Measurements {#S0002-S2002}
------------

We collected information on sex, date of birth, household socioeconomic status, marital status, individual educational level and employment status using a standardized questionnaire. The socioeconomic level that we employed for analyses was the one registered in DANE for that particular block. After a brief introduction about the importance of the accuracy of the measurements to be performed, we measured height and weight in all participants, and waist circumference in patients aged 18 and older. Height was measured using a portable stadiometer supported on a firm surface, taking care that the patient was barefoot, standing right and with heels and calves touching the stadiometer. Weight was measured in a solar digital scale with 100g sensitivity and 200 Kg capacity, all study scales were calibrated simultaneously the day before the study start, and every week afterwards. Waist circumference was measured by a sitting observer, directly over the participant´s skin, at the midpoint between the last rib and the anterosuperior iliac crest, using a flexible metallic measuring tape. All measurements were performed in duplicate, and if there was a between-measures discrepancy greater than 1 cm for height, 100g for weight or 1 cm for waist circumference, a third measurement was collected. For analyses we used the average of each anthropometric measure.

In Colombia, socioeconomic level is classified by the Statistics Department DANE in 6 strata (with stratum 1 being the lowest and stratum 6 being the highest). Residential dwellings are classified according to their physical characteristics and environment. The methodology for this classification creates homogeneous strata taking as input information about land use, public utilities, access routes, topography, land valuation and property characteristics. The stratification unit is the sub-zone, corresponding generally to a block. Residential dwellings are classified in the predominant stratum of the sub-zone, as long as their characteristics do not differ ostensibly from the predominant conditions in the group. Otherwise, they are considered outliers and their stratum is assessed based on their particular characteristics. This information is very well established, updated and freely accessible for all the country. It also has a significant correlation with household income.[@CIT0024] Given that sociodemographic, income and human development indicators are more similar for individuals living in strata 4 to 6 than among the other strata,[@CIT0025] we analyzed SES in four groups, corresponding to strata 1, 2, 3 and 4--6. For participants aged 18 and older, we interpreted BMI according to the cut points proposed by the World Health Organization (WHO): Underweight (BMI˂18.5 Kg/m2), normal weight (BMI ≥18.5 and ˂25 Kg/m2), overweight (BMI≥25 and ˂30 Kg/m2) and obesity (BMI≥30 Kg/m2). For participants aged 24 to 59 months, we interpreted BMI according to the BMI-for-age tables proposed by the WHO[@CIT0026] as follows: Overweight or at risk of overweight (Z-score\>1 and ≤3) and Obesity (Z-score\>3). For participants 5 to 17 years old, we interpreted BMI according to the BMI-for-age tables proposed by the WHO[@CIT0026] as follows: Overweight (Z-score\>1 and ≤2) and obesity (Z-score\>2). We analyzed BMI-for age data in underage participants using Anthro 3.22 for Stata 13 (College Station, TX). We defined abdominal obesity as a waist circumference ≥ 90cm for women, and ≥ 94cm for men, according to the proposed cutoffs for Latin American adults.[@CIT0027] Analyses involving educational level included only participants aged 18 or older.

Data Analysis {#S0002-S2003}
-------------

All prevalence estimations were projected to the target study population using city, sex, age group and SES-specific expansion factors according to the study multi-stage sampling design. The associations between nominal predictors and overweight, obesity and abdominal obesity were examined using chi-square independence tests. To test for a linear trend in the association between ordinal predictors and overweight, obesity and abdominal obesity, we report the p-value associated with a rank-correlation (Spearman) test between predictor and outcome. We also ran multivariable logistical models in which sociodemographic variables were the independent variables and overweight/obesity or abdominal obesity were the outcomes, separately for children and adults. All analyses were performed in SPSS for Windows, v.21 (Cary, NC, USA).

Ethical Aspects {#S0002-S2004}
---------------

Participants aged 14--75 provided written informed consent, and a parent or legal guardian provided written informed consent for all participants under the age of 14 years. In addition participants aged 7--13 provided written assent, while in the case of participants aged 2--6, informed consent was provided by the adult responsible for the child. All study procedures were performed according to the principles of the Helsinki Declaration, and to local rules and regulations as provided by Resolution 8430 of 1993 of the Colombian Ministry of Health. The study was approved by the IRB of Universidad de los Andes (Comité de Ética de la Vicerrectoría de Investigaciones), according to minute 1016 of April 27, 2018.

Results {#S0003}
=======

Characteristics of the Study Sample {#S0003-S2001}
-----------------------------------

The study sample included 1922 participants (1537 adults and 385 children), with equal representation from both sexes ([Table 1](#T0001){ref-type="table"}). Most participants were residents of Bogotá, followed in order by Medellín, Cali, Barranquilla and Bucaramanga. According to Colombia being a low-middle income country, most participants belonged to households in SES strata 2 or 3, while only a tenth of participants lived in SES strata 5 and 6. Approximately two thirds of study participants had a high school or lower educational level, and only a minority had attained college or higher degrees. Among adult participants, average body-mass index (BMI) was 27.1 kg/m2, being higher in women (28.2 kg/m2) than men (25.9 kg/m2). Mean waist circumference, on the other hand, was higher in men (90.2 cm) than women (87.8 cm).Table 1Demographic and Anthropometric Characteristics of the Study ParticipantsAdults (Age˃=18)Children and Adolescents (Age˂18)MaleFemaleTotalMaleFemaleTotaln723 (47.0)814 (53.0)1537237 (61.6)148 (38.4)385**Age group, years** 2 to \<5\-\--47 (19.8)40 (27.0)87 (22.6) 5 to 11\-\--99 (41.8)46 (31.1)145 (37.7) 12 to 17\-\--91 (38.4)62 (41.9)153 (39.7) 18 to 39316 (43.7)320 (39.3)636 (41.4)\-\-- 40 to 59212 (29.3)269 (33.0)481 (31.3)\-\-- 60 to 75195 (27.0)225 (27.6)420 (27.3)\-\--**Socioeconomic stratum\*** 191 (12.6)116 (14.3)207 (13.5)61 (25.7)32 (21.6)93 (24.2) 2198 (27.4)225 (27.6)423 (27.5)80 (33.8)50 (33.8)130 (33.8) 3220 (30.4)240 (29.5)460 (29.9)70 (29.5)51 (34.5)121 (31.4) 4--6214 (29.6)233 (28.6)447 (29.1)26 (11)15 (10.1)41 (10.6)**City** Barranquilla121 (16.7)124 (15.2)245 (15.9)34 (14.3)28 (18.9)62 (16.1) Bogotá226 (31.3)262 (32.2)488 (31.8)77 (32.5)47 (31.8)124 (32.2) Bucaramanga72 (10)96 (11.8)168 (10.9)32 (13.5)12 (8.1)44 (11.4) Cali145 (20.1)167 (20.5)312 (20.3)60 (25.3)34 (23)94 (24.4) Medellín159 (22)165 (20.3)324 (21.1)34 (14.3)27 (18.2)61 (15.8)**Educational level\*\*** Elementary school or less142 (19.6)179 (22.0)321 (20.9) High school301 (41.6)324 (39.8)625 (40.7) Technical or associate degree130 (18.0)151 (18.6)281 (18.3) College or higher150 (16.1)160 (19.7)310 (20.2)[^1]

Overweight and Obesity in Children and Adolescents {#S0003-S2002}
--------------------------------------------------

The overall prevalence of overweight and obesity were 23.3% and 8.8%, respectively, based on BMI-for-age standards ([Table 2](#T0002){ref-type="table"}). Overweight rates decreased with age, while obesity prevalence was much higher in children aged 5--11 years compared to the rest of the age groups (p\<0.001). On average, boys tended to be more overweight and obese than girls. Overweight and obesity rates were lowest in Barranquilla, intermediate in Bucaramanga and Bogotá, and highest in Cali and Medellín ([Figure 1A](#F0001){ref-type="fig"}). The prevalence of excess body weight increased drastically with SES, more than doubling from stratum 1 (16.7%) to strata 4--6 (42.8%) (p-trend\<0.001, [Figure 2A](#F0002){ref-type="fig"}).Table 2Prevalence and Distribution of Overweight and Obesity in Colombian Urban ChildrenOverweightp-value\*p-Trend\*\*Obesityp-value\*p-Trend\*\*Overall23.3\--8.8\--**Sex** Boys25.40.53NA10.00.80NA Girls21.27.6**Age group, years** 2 to \<530.90.090.0311.0\<0.0010.84 5 to 1123.817.3 12 to 1717.85.3**Socioeconomic stratum\*\*\*** 113.00.0750.253.70.012\<0.001 225.74.8 323.78.2 4--625.417.4**City** Barranquilla10.70.12NA12.50.30NA Bogotá23.95.5 Bucaramanga15.214.1 Cali28.28.5 Medellín24.418.9[^2][^3] Figure 1Prevalence of overweight and obesity in Colombian urban children and adolescents (ages 5 to 17, Panel (**A**)) and urban adults (ages 18 to 75, Panel (**B**)), by city.**Note:** \*p˂0.05 for the difference in prevalence versus the other cities.Figure 2Prevalence of overweight and obesity in Colombian urban children and adolescents (ages 5 to 17, Panel (**A**)) and urban adults (ages 18 to 75, Panel (**B**)), by socioeconomic stratum.**Notes:** \*P-trend \<0.001 for the increase in the combined prevalence of overweight + obesity across socioeconomic strata for children and adolescents. \*\*P-trend=0.009 for the decrease in the combined prevalence of overweight + obesity across socioeconomic strata for adults.

Overweight and Obesity in Adults {#S0003-S2003}
--------------------------------

The prevalence of adult overweight (25\<BMI\<30) was 36.2% and the prevalence of adult obesity (BMI≥30) was 21.3% ([Table 3](#T0003){ref-type="table"}). The prevalence of obesity among adult women was more than twice as high as in men (p\<0.001). The combined prevalence of adult overweight and obesity increased monotonically across age groups, climbing to 72.2% in the ≥60 age group (p-trend\<0.001, [Table 3](#T0003){ref-type="table"}), and was highest in Barranquilla, followed in order by Bucaramanga, Cali, Bogotá and Medellín ([Figure 1B](#F0001){ref-type="fig"}). Conversely, both obesity (p-trend=0.001) and combined overweight/obesity (p-trend=0.009) decreased as SES increased ([Figure 2B](#F0002){ref-type="fig"}). A similar pattern was observed for educational level, as obesity prevalence in the lowest educational level doubled that of participants with college or higher education (p-trend\<0.001, [Table 3](#T0003){ref-type="table"}).Table 3Prevalence and Distribution of Overweight, Obesity and Abdominal Obesity Among Colombian Urban AdultsOverweightp-value\*p-Trend\*\*Obesityp-value\*p-Trend\*\*Abdominal Obesityp-value\*p-Trend\*\*Overall36.2\--21.3\--34.4\--**Sex** Men36.40.15NA12.6\<0.001NA29.50.019NA Women36.029.438.8**Age group** 18 to 3928.9\<0.001\<0.00114.7\<0.001\<0.00119.2\<0.001\<0.001 40 to 5942.327.744.8 60 to 7544.927.358.1**Socioeconomic stratum\*\*\*** 133.00.120.8029.30.0040.00138.60.470.16 237.025.638.7 337.518.931.0 4--634.815.231.3**City** Barranquilla40.60.39NA26.70.57NA47.10.13NA Bogotá37.218.729.4 Bucaramanga43.723.338.7 Cali34.027.240.6 Medellin31.521.136.5**Educational level** Elementary school or lower36.20.0860.2833.50.008\<0.00150.70.002\<0.001 High school32.620.732.4 Technical or associate degree36.016.826.6 College or higher43.915.931.2[^4][^5]

Abdominal Obesity in Adults {#S0003-S2004}
---------------------------

The total prevalence of abdominal obesity was 34.4%, and also increased markedly and consistently with age, almost tripling between from the youngest to the oldest age group ([Table 3](#T0003){ref-type="table"}, [Figure 3B](#F0003){ref-type="fig"}). Abdominal obesity displayed large differences by sex: For ages below 60 it was much more prevalent in women than men, but for ages 60 and older the opposite was true ([Figure 3B](#F0003){ref-type="fig"}). In contrast to overweight/obesity, the trend across SES was not as pronounced as for age groups. However, abdominal obesity did show a strong association with education, being highest by a large margin in the lowest educational level (p-trend\<0.001). We found the highest prevalence of abdominal obesity in Barranquilla, followed in order by Cali, Bucaramanga, Medellin and Bogotá ([Table 3](#T0003){ref-type="table"}, [Figure 3A](#F0003){ref-type="fig"}). Since persons with overweight but increased abdominal fat may carry metabolic risks similar to persons with overt obesity, we analyzed the proportion of adults classified as overweight by their BMI who also presented abdominal obesity ([Figure 4](#F0004){ref-type="fig"}). This proportion was surprisingly large: 46% among men and 33% among women.Figure 3Prevalence of abdominal obesity in Colombian adults by city (panel (**A**)) and age (panel (**B**)).**Notes:** \*P-trend \<0.001 for the increase in abdominal obesity across age-group categories in men. \*\*P-trend \<0.001 for the increase in abdominal obesity across age-group categories in women.Figure 4Waist circumference classification in Colombian overweight adults, by sex.

Multivariable Models {#S0003-S2005}
--------------------

In a mutually adjusted logistical model among children and adolescents (age˂18) that included sex, age, city of residence and SES as covariates, only SES was an independent predictor of excess weight (overweight or obesity) (p=0.006). Relative to SES 1, the ORs for excess weight were 2.28 for SES 2 (95% CI: 1.10--4.71), 2.76 for SES 3 (95% CI: 1.34--5.68) and 4.56 for SES 4--6 (95% CI: 1.86--11.1). In a similar model for adults that additionally included educational level, SES was again an independent predictor of excess body weight (p˂0.001). Relative to SES 1, being in SES 4--6 was associated with 40% lower odds of having excess body weight (OR 0.60, 95% CI: 0.40--0.90). The ORs for SES 2 (1.20, 95% CI: 0.83--1.75) and 3 (0.93, 95% CI: 0.64--1.36) were not statistically significant. Being a resident of Bogotá (OR 0.61, 95% CI: 0.43--0.87) or Medellín (OR 0.49, 95% CI: 0.33--0.71) was also associated with lower odds of excess body weight. On the other hand, being 60 or older was the strongest correlate of abdominal obesity (OR versus age 18--39: 5.71, 95% CI: 4.22--7,72). Female sex was independently and positively associated with abdominal obesity (OR 1.26, 95% CI 1.01--1.57), while living in Bogotá (OR 0.41, 95% CI: 0.29--0.59) or Medellín (OR 0.51, 95% CI: 0.35--0.75) were negatively associated with it.

Discussion {#S0004}
==========

In this population-based, probabilistic study of children and adults from the 5 most important Colombian cities, we report an alarmingly high prevalence of overweight, obesity and abdominal obesity in both sexes. The city of residence (with its associated culture and gastronomy), age and socioeconomic stratum were also important correlates of adiposity measures. We followed a complex multi-stage sampling scheme, took all measurements at least in duplicate by highly trained staff, and employed high-quality, well calibrated equipment.

The most striking finding from this study was the impressively high prevalence of excess body weight among children and adolescents: one out of three children suffers from overweight or obesity. Such a high rate represents an increase compared to previously reported data from the 2015 national survey,[@CIT0022] in which excess body weight prevalence was 24.4% for the 5--12 age group and 17.9% for the 13--17 age group. This difference can be explained, in part, by the inclusion of participants from both urban and rural areas in the national survey, in which the urban prevalence was 3--8% higher than its rural counterpart; a pattern that has been observed in several studies in low- and middle-income countries.[@CIT0028] Differences in methodology may have also played a role. Nevertheless, having included only children from the urban setting cannot fully account for the magnitude of the difference between the two studies, which more likely reflects an increase in childhood obesity during the last 5 years. Interestingly, we observed among children and adolescents a higher prevalence of overweight in younger age groups ([Table 1](#T0001){ref-type="table"}), a trend that, if continued with each new generation, will have a profound public health impact. When comparing the prevalence of overweight and obesity among countries from the Latin America region, there exists significant heterogeneity, reflecting different stages of the obesity epidemic,[@CIT0008],[@CIT0023],[@CIT0028] and of the socioeconomic and nutritional transition. For example, a population-based study in Peru revealed a much lower prevalence of excess body weight (6.9%) in children under age 5 years, compared to our findings.[@CIT0029] Conversely, a cross-sectional study in Brazil[@CIT0030] showed a 30.3% prevalence of excess body weight in adolescents, which is higher than the one we report for that age group. Compared to our study, the official national survey of Mexico[@CIT0031] revealed a lower prevalence of excess body weight among children aged 5--11 (33.2% vs 41.1%), but a higher prevalence in children aged 12--19 (36.3% vs 23.1%). The Mexican study did not find statistically significant changes between 2012 and 2016, which indicates that Mexico may be experiencing a later stage of the obesity epidemic. The rise in childhood obesity prevalence is not an isolated phenomenon of our country or region, it has also been observed in other low- and middle-income countries like South Africa.[@CIT0032]

We found that an alarming proportion of our adult population - almost sixty percent - suffers from overweight or obesity. In the three prior versions of the Colombian National Survey, the combined prevalence of overweight and obesity increased steadily from 45.9% in 2005 to 51.2% in 2010 and 56.5% 1n 2015.[@CIT0020]--[@CIT0022] Our results show a smaller increment to 57.5%, suggesting a deceleration of the obesity epidemic among adults in Colombia. However, our findings show that such deceleration is taking exclusively among men, as the prevalence of excess weight for adult women was 49.8% in 2005, 55.2% in 2010, 59.6% in 2015 and 65.4% in our study. Women have on average a lower basal energy expenditure than men[@CIT0033] and have an increased susceptibility to excess adiposity after the menopausal transition.[@CIT0034] Also, women from developing countries tend to have on average a lower educational level and lower income than men,[@CIT0035] both factors that were positively associated with excess BMI in our study. These results must constitute a call to urgent public health action strongly focused on urban adult women, if the long-term consequences of excess weight are to be averted in this population segment. In general, the stabilization of the rates of increase in adult obesity and overweight seems to be a ubiquitous phenomenon throughout Latin America.[@CIT0009] In Mexico, although the prevalence of excess body weight is much higher (72.5%) than in Colombia, very little change was observed between the 2012 and 2016 national surveys.[@CIT0031] Our study also exposed the fact that adult women in low- and middle-income countries seem to be disproportionately affected by the burden of overweight and obesity.[@CIT0008],[@CIT0036]

Very little is known about the prevalence and distribution of abdominal obesity in low- and middle-income countries.[@CIT0037] In Colombia, few studies had addressed this question, and mostly through non-probabilistic samples,[@CIT0038],[@CIT0039] with reported prevalences varying widely between 39.2% and 67.0%, due to different methods and definitions of abdominal obesity. In this study, about one third of the adults in urban Colombia had abdominal obesity, with vast differences among geographical regions. Compared to other Latin American countries, we found a lower prevalence of abdominal obesity than Mexico (76.6%),[@CIT0031] and a prevalence similar to that in countries on the southern cone (Argentina, Chile, Uruguay).[@CIT0015] Waist circumference is increasing at each BMI level and at all ages in low- to medium- income countries.[@CIT0037] An independent association between abdominal obesity and adverse health effects may not be entirely established for some developing countries (especially for those in South Asia and South Africa),[@CIT0036] but has already been proven for the Latin American population.[@CIT0040] Our study highlights the importance of assessing abdominal obesity in clinical practice and in public health, as we found a considerably high proportion of adults with abdominal obesity that would otherwise not be considered to suffer from obesity according to their BMI classification.

Colombia has experienced a rapid economic growth during the last two decades, as indicated by the increase in its gross national product (GNP) per capita, from U\$2340 in 2000 to U\$6190 in 2018.[@CIT0041] Nonetheless, the country continues to exhibit one of the largest degrees of socioeconomic disparity in the region.[@CIT0042] Thus, we were particularly interested in understanding the impact of disparities on the prevalence of overweight and obesity. We had the unexpected finding that the association between SES and adiposity measures is markedly different for children and adults. Children from higher SES strata consistently showed increased rates of excess body weight, while among adults SES displayed a strong negative association with excess weight. As part of the so-called nutrition transition in emerging countries, it is frequent to observe a shift in the burden of obesity towards economically disadvantaged segments of society.[@CIT0014],[@CIT0043] With the progressive westernization of lifestyle and food habits that usually accompanies economic development, the cost of unhealthy, industrialized, calorie-dense foods decreases, physical activity levels drop and chronic diseases become more prevalent among the poor.[@CIT0044] These factors may explain the inverse association we found between SES or educational level and obesity/abdominal obesity in adults. In children, we hypothesize that the nutrition transition has not yet taken place completely,[@CIT0028] perhaps due to cultural factors that limit the caloric intake of children in lower income families, but promote it in wealthier families (ie increased exposure to publicity for industrialized foods). Another possible explanation involves the increased caloric expenditure of economically disadvantaged children, coupled with the increased energy requirements necessary to sustain growth,[@CIT0045] in the context of relative food scarcity. Cultural beliefs about what a healthy child should look like may also play a role in the positive association between SES and childhood obesity.

All around the world, the prevalence of overweight and obesity rises with age, peaking around the sixth decade of life.[@CIT0008] Contributing factors include a lower metabolic rate associated with aging and changes in body composition such as a lower fat-free body mass and higher deposition of visceral fat.[@CIT0046] We were surprised, however, by the sharp changes observed after age 40, compared to the 18--39 age group: overweight increased by 50%, obesity by 90%, and abdominal obesity by 130% ([Table 3](#T0003){ref-type="table"}, [Figure 3B](#F0003){ref-type="fig"}). This contrasts with findings from recent studies in both developing and developed countries. In Mexico, abdominal obesity prevalence was only 37% higher in the 40--49, compared to the 20--29 age group.[@CIT0031] Similarly, in the southern cone of Latin America and in the United States, the prevalence of overweight, obesity and abdominal obesity does not show such marked differences across age groups.[@CIT0015],[@CIT0047] The public health implications of these data are especially concerning in Colombia, a country in which 37% of the population is 40 years or older; and should prompt efforts to prevent obesity in children and younger adults to reduce the burden of disease. An evidence-based strategy is aimed at increasing physical activity, which has demonstrated to lessen weight gain in young adults as they transition to middle age.[@CIT0048]

The most important limitation of our study was the lack of information from Colombia´s rural population. Even though Colombia is nowadays a mostly urban country, the disparity in chronic, non-communicable conditions between rural and urban populations can be quite substantial, especially in developing countries.[@CIT0049] Our study updates prior analyses that had shown no or very little association between SES or education in Colombia, particularly for women, and contribute to the overall picture of the obesity epidemic in Latin America.[@CIT0050] Future studies will need to be focused on rural populations from different geographical regions of the country, and on the sociodemographic correlates of adiposity in this context. Another relevant limitation is that we did not collect data on body composition, which can be a better estimator of energy metabolism disturbances, particularly among apparently normal-weight individuals.[@CIT0051] Further studies will need to explore these aspects.

Conclusion {#S0005}
==========

Overweight, obesity and abdominal obesity are highly prevalent in the urban population of Colombia, and much more frequent among adults of lower socioeconomic levels. Public health measures are urgently needed in order to avert the obesity epidemic that has taken place in other countries of the region.
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[^1]: **Notes:** Data are expressed as n (percentage). \*SES According to Colombia´s official Statistics Department-DANE, using criteria about land use, public utilities, access routes, topography, land valuation and property characteristics of the property inhabited by the household. SES 1 is lowest and SES 6 is highest. \*\*Reported and analyzed only for participants aged 18 or older.

[^2]: **Notes:** For participants aged 24 to 59 months, overweight was defined as a BMI-for-age Z-score \>1 and ≤3, and obesity as a Z-score\>3. For participants aged 5 to 17 years, overweight was defined as a BMI-for-age Z-score\>1 and ≤2, and obesity as a Z-score\>2. Data are expanded prevalence rates (%). \*P-value for the chi-square test, indicates whether at least one category is significantly different from the others. \*\*P-value for the ordinal correlation test, indicates whether there is a significant trend across categories. \*\*\*SES According to Colombia´s official Statistics Department-DANE, using criteria about land use, public utilities, access routes, topography, land valuation and property characteristics of the property inhabited by the household. SES 1 is lowest and SES 6 is highest.

[^3]: **Abbreviation:** NA, not applicable.

[^4]: **Notes:** Overweight was defined as a BMI ≥25.0 and ˂30 Kg/m2, and obesity as a BMI≥30 Kg/m2. Abdominal obesity was defined as as a waist circumference ≥ 90cm for women, and ≥ 94cm for men. Data are expanded prevalence rates (%). \*P-value for the chi-square test, indicates whether at least one category is significantly different from the others. \*\*P-value for the ordinal correlation test, indicates whether there is a significant trend across categories. \*\*\*SES According to Colombia´s official Statistics Department-DANE, using criteria about land use, public utilities, access routes, topography, land valuation and property characteristics of the property inhabited by the household. SES 1 is lowest and SES 6 is highest.

[^5]: **Abbreviation:** NA, not applicable.
